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mTRODUCTIOB 

Except  for  the  work  of  Bngle  (1927)»  little  has  been 
done  on  the  relationship  of  follicular  g3?owtl»  Mid  atresia  in 
pptpiant  aniaale*  He  xsmde  a  quantitative  study  of  follicu^ 
lar  atresia  daring  the  oeatirua  cycle  and  the  first  four  and 
one*half  daya  of  prvkgniRcy*  The  reports  concerning  the  rat* 
of  follicolar  growth  and  degeneration  during  the  oeatroe 
cycle  have  varied  as  well  as  the  obeervations  on  the  divi^ 
slon  of  intra-ovarian  owu 

Hw  purpose  of  this  investigation  is  to  detenalne  thft 
extent  of  follicular  growth,  follicular  atresia  and  the  de- 
velopment of  the  ova  vlthin  these  follicles  in  the  ovary  of 
the  guinea  pig«  Particular  attention  has  been  given  to 
tliese  conditions  to  detenaine  their  relation  to  the  oestrus 
cycle  and  pregnancy. 

REVIEW  OF  LITERATUKB 

Bttports  concerning  follicular  growth  and  degeneration 
deal  laainly  with  their  occurrence  during  the  oestrus  cycle. 
In  the  laouse  the  percentage  of  atretic  follicles  with  antra 
varies  with  the  oestrus  cycle  (Bngle  ,  1927).  The  highest 
pereentage  of  these  follicles  in  an  atretic  condition  la 
reached  during  the  comified  cell  stage  when   86  per  coot  of 


the  folllclea  are  T2nd©3?golng  degeneration,  Bo«oif«p,  he  finda 
the  lai^st  mnaber  of  degeoeratlne  follicles  occnip  at  th« 
beginning  of  the  dlcestrus  period.  During  the  first  four 
and  one-half  days,  the  perlr^lantation  period  of  pregnancy, 
thMP*  were  fever  atretic  follicles  and  there  vas  no  periodic 
divergence  as  in  the  ovaries  of  non-pregnant  animals. 

Follovlng  an  inveetigaticm  of  a  series  of  loaaimallan 
ovaries «  Haman  (1935)  reported  the  universal  occurrenee  of 
either  ova  in  soioe  sta^  of  mat-uraticai  or  ova  imdergoing 
nuelear  and  cytoplamnic  dlvleiona  or  both  in  all  ovaries  ex- 
«Bined«  This  investigation  Included  observations  on  ovaries 
of  the  cat 9  rabbity  mousey  rat,  and  guinea  pig. 

Cyclic  variations  do  not  occur  in  the  rabbit  doe  (Asami, 
1920}*  He  found  t^iat  small^  medium  and  large  follicles 
voSta^o  atresia  at  all  stagea  of  the  oestrus  cycle.  Tbay 
do  not  occur  In  gredwr  mxmbors  at  one  stage  than  at  another* 
He  states  that  d«e«BM*ation  of  tlie  granulosa  Is  the  primary 
factor  in  medium  azid  large  follicles,  vbsireas  in  small  fol- 
llclea much  greater  degenerative  changes  occur  in  the  egg 
than   in  the  granulosa*  He  supports  tlie  theory  advanced  by 
Loeb  (1917)  and  by  Walsh  (I9I7)  that  proliferation  of  ths 
granulosa  and  Indirectly  of  the  ovary  probably  dep«3da  on  an 
internal  secretion  of  the  ovtra  vhich  acts  as  a  grovth  stinK 
ttlus* 


It  has  been  3ho«n  that  only  a  small  pepcontag©  of  fol- 
lielea  reach  Bjattirity  (  Allen,  Koont*  and  Prancis  ,  1925), 
Th«fy  found  that  In  th©  ovnrj  of  the  sow  10  to  lli.  days  pro- 
eeding  ovulation  there  la  an  average  of  I1.5  visible  follicles 
less  than  thr«»  an*  In  diameter*  Only  I5  per  cent  of  these 
follicles  reach  jaaturlty  and  are  ovulated.  They  suggest 
that  only  a  limited  amount  of  mitrlnent  (material  Idiat  esn 
be  utilized  by  the  egg)  Is  available  so  that  there  imist  be 
an  eliainatlon  of  soeae  of  the  ova.  The  smaller  nusiber  of 
follicles  of  preovulation  size  are  considered  the  laetabollc 
equivalent  of  the  larger  number  of  smaller  follicles. 

In  his  work  on  the  guinea  pig,  Loeb  (I9I7)  made  the  ob- 
servation that  under  certain  conditions  loltosea  in  the  gran* 
ulosa  cells  of  the  follicle  are  especially  frequent  around 
the  owmu     He  and  later  ivalah  (I917)  suggested  that  the  sti- 
X3ulus  for  tHe  growth  of  the  granulosa  cells  vhlch  ultimately 
detennlnes  the  growth  of  the  «!hole  follicle,  depends  upon  a 
substance  given  off  by  the  ovum.  Loeb  (I917)  also  reported 
that  in  \3nderfed  guinea  pigs,  those  vhieh  had  lost  at  least 
25  per  cent  of  their  initial  weight,  matiiration  of  folliclee 
eeeeed  and  in  the  majority  of  cases  the  follicles  beoase 
atretic  before  they  had  reached  even  mediuia  size. 

The  Graafian  follicles  of  guinea  pigs  iililch  recoive  a 
vitamin  C  deficient  diet  tmdorgo  early  d^eneration  (iCramer, 


and  Brill ,  1935)  •  'Sh»S   observed  tliat  in  ©xtreno 
tmaea   of  tb*  dag«Eiitmtic»i  of  the  Gnuiflan  follicle  tbere 
neltber  a  dlscua  ppolisems  nor  m   stratum  graniilosroa* 

As  a  result  of  a  study  of  the  prepubertal  follicle  and 
of  the  process  of  follicular  atresia  from  the  first  to  iSm 
37th  day  In  the  life  of  the  albino  mouse,  Sngle  (1951)  re- 
ported  that  until  the  appearance  of  the  antrum  folllculi  cm 
the  12th,  15th  and  iJ^th  days  there  Is  a  very  slow  growth  of 
the  follicle*  However,  on  the  15th  day  the  follicles  in- 
crease gr^itly  in  size  and  reach  alsioat  the  size  of  those 
found  at  the  time  of  the  first  oestrus*  He  reports  that 
follicular  atresia  does  not  appear  to  be  cyclic  as  in  the 
adult  mouse  and  that  paeudcfflaturatlcai  spindles  and  the  de- 
generative fragiaBntation  of  such  ova  do  not  ajipear  until 
after  the  ovum  has  attained  mature  size* 

Conditions  inducing  atresia  also  se«a  to  be  a  stiimil- 
atlon  to  laaturatlon  according  to  Pincus  and  Engaann  (1955)» 
They  Injected  crystalline  thyroacin  and  thyroproteln  into 
rabbit  does  on  beat  and  observed  that  the  increase  In  fol- 
licular atresia  v?as  accompanied  by  an  increase  In  the  num- 
ber of  ova  undergoing  maturation. 

Following  a  study  of  the  ovaries  of  60  normal  rats  be- 
tween the  ages  of  15  and  66  days.  Lane  (1955)  reported  that 
the  average  percentage  of  the  total  follicles  which  are  vesl- 


i 

wOm  i^stum  in  ^tbUtk  Vm  wmwdnm  mm  Xmimmn  m  iwiitH 

i«  m  u^tamO  motm  <»■  ^  f^  ««<^  «^  Vi  ^*V*t  «»  99  9«^ 

Miil  «%  37  aipif  «•  1»  pwr  ««»«!  ft^  50  ^li>ap»i  «>Ki  tURk  fWM  to 

P  f«r  MBfe  «fe  t/mOMAUm  «l  ^  ««9tt» 

jn  wmt^9  «r  iMi  im  to  9Qd  9«Mig  i 

im  Migr  tflffWin- 

U«N  la«Mliofwy  «f  tlw  SKNIM  «»  MifliaoiMa  wtlw  9«r» 

la«  (01*1,1925)  «bil«  «i  iMws»^  «f,  fewr 

MA  C»»4Mif  Ml 

if  «s  «iaf<li«p  jiiaiitlfflH  M«aaPi»    flw  p«n 

MBlW«»  «r  MVVIM& 

»     Fr«tMMNr«M 

Mit  s»fe«v«pt  1^  ptmrnmrn  ma  OMrtoraifes^  «r  i^iu«>i«i  in 

mm  M*  (8My  «MI  MMI,19PI«     ^MT  Mei 

ift  ttMt  «t  tlMMi 

«f  «Mih  tXfB  0mf  vmtimA  mt  i^igiMBwy  ftp»  haUoIm  «mi  ffra* 

•anl  ^ICh  M^r  iMOlw  f^kUiOM  Hwwtwg  «U  «t«^»  of  «iN> 

t«Mf«!ltMI» 

«»  <maPi««  «f  «l»  gniim  9i$  wm  fiiiilrtHil  l|r  hM^  (a^|I|« 

tlite  imnt  i«  net  in  mmmA  «i%li  tlwt  «f  » 

MtMltP  (I9S9)  f^ 

t3M  4^  ,  Will II (1^X5}  tm  mm  uwm$illo  , 

tattti  Cl^mi  flBIP 

mm  mmmmm  nop  nx^mn  iWh)  tm^mmm 

WMii    Vmm$3t  crtiw 

mmtmMmm  rt»Md  %im^  tte  *iii»i^nHwB  mm 

if  «HI  MpioMT 

ibminmmfmtL  wf  mm^stmmmmmumik  iMtfiWW  mtmmt  ^9^ 

mAmhAo  mmttt  wmtm'^ 

tmtaf  divljdtont  teil  MkHi  hImmni 
1 

wamuL  JUKD 

A  group  of  62  guinea  pl^s  w«J8  uaod  In  thl«  iraqpeplaent. 
JRorfcy-slx  of  these  anlaals  had  b©on  pre^aant  for  varloiM 
l«BgUa«  of  tiiae  up  to  35  da;sra*     The  remaining  I6  vmpo  not 
pw^miiit  and  war©  klUer'  at  different  stagea  of  the  oestma 
cycla*     The  guinea  plga  txaed  <vere  all  nonml  healthy  aniiaals* 
They  were  fed  a  well-tMLLanced  diet*     For  the  group  of  preg- 
nant anl22ials  the  tliae  of  the  last  cojRilation  \Ras  uaed  in  de-» 
iNMfwInIng  the  duration  of  pregnancy.     When  the  animals  vera 
killed^  the  mmSber  of  udbr^oa  in  each  bom  of  the  uteroa  vaa 
recorded*     The  ovaries  were  f laced  in  Bouin's  fixing  fluid 
aaad  stained  with  X^Xafield'a  hesaM^oaorlln*     Some  wore  counter- 
stained  with  eosin.     Tb©  sections  wsre  10  adcrons  in  thick- 
ness* 

The  non-prapMHfc  animals  "were  Mlled  at  different  peri- 
ods during  the  oestrus  cycle.     The  day  of  the  oestrus 
egreXe  tma  deterained  frcsn  the  date  of  the  last  period  of 
heat*     A  group  of  anlaala  vas  IdLlled  during  heat  and  the 
period  iCToediately  following.     Txso  aniiaals  were  killed 
abile  in  beat«  two  on  the  first  day  and  two  on  the  third 
day  of  the  oestrus  cycle.     The  group  representative 
of  the  nid-stage  of  the  cycle  conslstoi  of  on*  ■«<<—•*  killed 
on  the  sixth  day,  two  on  the  seventh  day  and  one  on  the 
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ninth  day.  Tlaos©  representing  ^M»  late  stages  of  the  cycle 
incltided  ttiree  groups  of  two  aaoimals  each»  One  group  killed 
on  tbe  13th,  one  on  the  ll^^th  siid  one  on  the  15th  day  of  the 
cycle*  There  are  two  aaiauds  for  eac^i  period  of  pregnancy 
Utted  in  Table  I  except  for  tlie  ttrci,  four,  eight,  23  and 
50  day  periods. 

Tbm  «ntire  ovaries  of  aosxe   of  the  anissils  vere  ezaasizuid 
for  the  n'>:imber  of  the  different  types  of  follicles  present* 
Hcrawtrer,  it  was  found  that  the  relative  number  of  these  fol» 
lieles  in  sections  from  the  central  portion  of  the  ovary 
correspond«i  closely  to  the  mai^aor  found  in  the  entire 
omupy*  Therefore,  the  final  ecxaoination  consisted  of  oh- 
a«r\^tions  made  on  serial  sections  from  the  central  portion 
tt  each  owary*  Extrmod   care  was  takssi  to  obtain  an  exact 
eount  of  all  the  follicles  present*  Tho  section  of  the  fol- 
licle in  trliich  the  xmcleolus  was  observed  wmi,  in  nost  in- 
stances, the  one  recorded*  If  the  nucleolus  was  not  setm^ 
the  section  was  recorded  in  which  the  nucleus  stacnwi  thm 
inost  nuclear  material.  3o  cotint  was  siade  of  the  young  ova 
directly  beneath  the  gerfidzial  epithelium*  However,  note« 
mnre  ktpt  oa  the  relative  nmnbers  o:d.ating  in  all  animals* 

A  calibrated  meebsnical  stage  mtus  used  to  record  th» 
positions  of  all  the  follicles  observed* 
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€tt  tibe  basis  of  the  d^gp&e   of  atreai|i  the  follicles 
wvce   placed  in  tlipee  clfisamif  nox^aal  follleles,  allglitly 
at2»etic  follicles  and  coogsletely  atretic  follicles.  The 
follicles  of  both  the  pr«|peMBit  and  non-pregnant  WBlmirls  arm 
elasaified  in  the  ssse  vagr* 

Woamel   Follicles 

The  follicles  classified  as  norraal  contained  no  de- 
generating coll»»  This  grod^  «aa  further  divided  on  the 
basis  of  the  degree  of  developtaent  as  sioall^  zBeditrnt  or  large* 
Two  follicles  listed  as  cebsII  are  shorn  in  Figures  1  and  6« 
n»MM  follicles  are  licapom^A   of  from  one  to  several  layers 
of  follicnlar  cells*  Many  of  thera  contain  no  antra  hot 
scHne  show  that  cme  has  begun  to  form  as  is  seen  in  the  small 
follicle  in  Figure  1#  In  the  small  follicle  of  Figure  6, 
the  layers  of  follicular  cells  still  closely  suz*round  the 
0«iMb  The  ova  and  surrounding  follicular  cells  of  all  the 
taofomX   follicles  are  essentiially  allli^  in  appearance.  Cells 
undergoing  mitoses  are  found  in  the  young  follicles  especial- 
ly. 

A  typical  large  follicle  is  also  shown  in  Figave  1* 
The  follicular  cells  have  a  ccm^act  arrangessent,  and  none 
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*r«  seattared  in  tbe  follicsular  cavity,  Tbep©  are  two  szaall 
antra  in  tba  discoa  prollgoifaa,  but  tlMfy  are  snri»oiindod  "by 
definite  layers  of  cell**  Tb©  aaount  of  cbpoiaatin  in  tl» 
gfwmOoaa  cells  of  this  follicle  la  considerably  leas  tbaa 
that  in  the  d«a«M«wting  gvuBOoa*  dells  of  tbe  slightly 
•ilretic  follicles  aboiai  in  Figures  I*,  and  5»  Tba  meditOH' 
sised  gPO«p  consists  of  follicles  possessing  aadbva  §cpptca^ 
iaiately  Bdd««ay  in  develppownt  bet««Mi  tlaat  of  tlio  small 
follicle  ^io«n  in  Blgure  1  and  tbe  antruia  of  the  large  fol- 
licle shown  beside  it*  The  owbs.  of  the  noi^nal  large  fol- 
licle shown  in  Figore  Z   is  characteristic  of  the  ova  of  all 
the  nonaal  follicles.  The  cytoplaaa  is  finely  granular*  It 
is  free  of  vacuoles  and  has  a  healthy  coorpact  appearance* 
Fine  eaboratauitin  granules  are  scattered  throughout  the  nucletia 
•ad  the  nucleolus  is  very  distinct.  Ko  ova  In  any  stag©  of 
MStui^tion  were  found  in  follicles  of  this  group.  Hobm  gfem 
•videnc©  of  degeneration  hy  tlie  presenee  of  vacuoles  or 
iMlpftsnting  nuclei. 

Slightly  Atretic  Pollidea 

All  the  follicles  listed  in  Tables  I  and  II  as  contain- 
ing eggs  undergoing  znaturation  were  in  a  slightly  atretic 
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condition.  A  typical  follicle  of  this  t7p«  is  shown  in 
Figure  3#  Th«  gx*anulo«i  and  discus  pjrollgeroua  cells  her*, 
in  e<»itrast  to  thOft«  of  tbe  corpora  lutoal-like  cysta^  smm 
to  be  degenerating*  Tb0  aiaount  of  dsromatin  naterial  In 
tSieiM  cells  has  been  increased  as  conipared  to  those  of  tb» 
nomal  follicle  in  lleure  1.  These  enlarged  oasMW  of 
•iMPtHwitIn  often  appear  lllce  large  nucleoli.  The  qitantity 
of  cytoplasn  also  increases  tmtil  the  coll  vail  finally 
bursts  leaving  the  zaasses  of  Qtaranatln  to  float  free  in  th« 
follicular  fluid.  The  scattering  of  the  degenerating  fol- 
licular cells  seen  in  Figure  3  is  characteristic  of  thea* 
follicles. 

The  extruded  polar  body  shown  lying  beside  the  ovtn 
and  the  aoMLll  polar  spindle  located  near  the  periphery  is 
also  a  characteristic  condition.  A  M^ber  nyngnlfi cation  of 
the  ovaxB  is  given  in  Pig:ure  lj.«  Neither  the  ovum  nor  the 
extruded  polar  body  appears  to  be  dtcmwrating*  The  second 
polar  spindle  lies  in  the  outer  portion  of  the  ovum.  The 
second  aatur«tion  division  has  advanced  to  the  mntnphnBe 
etege  as  shown  by  th©  position  of  the  chrcasosoLies  at  tiMi 
center  of  the  spindle.  This  conditi<»i  vas  the  laost  char- 
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acterlstic  fo?  the  ova  of  the  aligbtly  atretic  folllcloa, 

Plgore  5  shows  another  follicle  llstod  in  thia  sroap* 
TJojt   first  ssgHwntatlon  aplndle  is  located  near  tlie  center 
of  tbe  ovOTu  Ths  two  extruded  polar  bodies  still  rwBSln  in 
close  contact  with  th©  wall  of  ths  owesu 

All  of  the  follicles  in  this  group  are  iaodium-<iiz©d  or 
lai»ge»  Sertrcral  cases  vsrs  obsflofved  in  i^iioh  siost  of  tba 
follicular  cells  had  disintocrated  and  tbs  asvity  was  fil- 
ling by  an  Ingrowth  of  theoa-like  cells.  A  feisr  follicles 
In  this  group  contain  ovn   still  in  the  resting  condlticai. 
"Btm&veTp   in  each  of  these  cases  degeneration  is  evident  in 
onlj   a  few  of  the  gramilosa  cells  indlcatlR,f^  that  atresia 
is  still  in  an  early  stage*  Even  if  there  ere  as  few  as 
fifteen  or  twenty  of  the  follicular  cells  disinteoratlog 
the  ovum  is  in  sone  stage  of  maturation* 

CoR^letely  Atretic  Follicles 

The  follicles  listed  m»   corpora  luteal-lllte  cysts  ar* 
those  in  vhleh  the  atretic  condition  is  cccaplete*  The  entire 
fclllcle  gives  ta»  appearance  of  an  area  of  connective  tis- 
sue* Figure  6  shows  the  characteristic  ssiall  sire  and  gen- 
eral appearanee  of  these  follicles*  The  cells  conposing  the 
cyst  reaeable  enlarged  follicular  cells*  They  appear  nuch 
like  norsial  follicular  cells  in  which  the  cytoplasxa  had  bemi 
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inor'eaaed  about  tvic9  In  amount*  Tl»ca«»llke  cella  srorround 
tbM»  ooimeetlve-ti89u«  oells*  Thm   eysts  seem  to  be  formed 
tfmt  mmll   follicles  in  which  an  lagvovtli  end  enlargeracmt 
of  the  cells  of  the  styattaa  granuloatam  and  an  enlargemmat  ot 
the  cells  of  the  discus  prollgorus  has  oocurped* 

The  ova  of  these  follicles  are  closely  encircled  by 
tills  cyst-like  tisane  aiad  ^Te  alvays  in  some  stage  of  de- 
generation* All  of  the  OTa  obscnred  ubich  showed  signs  of 
having  tmdergone  cleavage  were  in  these  follicles*  Some- 
tiaas  the  divisions  of  the  cytoplasa  and  nucleus  are  almost 
equal  as  shown  in  Figure  7*  Btnwver,  the  degenerating  ccaa- 
dition  shown  by  the  irregular  cell  laerabranes  and  vacciolea 
is  CQtsmon  for  all  the  ova  in  this  gpeop  of  follicles*  The 
nuclear  and  cytoplasmic  divisions  are  generally  very  Ir- 
i*^ular*  There  often  occurs  several  divisions  of  the  nucle- 
us with  no  or  at  least  fewer  divisions  of  the  cytoplasm* 

Differentiation  of  Ova  and  Derelopoemt  of  Follicle* 

Ws  found  that  after  the  11th  day  of  pregnancy  and  dur- 
ing the  prooestral  period  the  number  of  young  differentiat- 
ing ova  directly  beneath  the  germinal  ^ithelium  increasas 
greatly*  Before  thase  tiioes  the  yooag  ova  undergoing  dif- 
ferentiation are  sparcely  scattered  in  the  peripheral  x>or- 
tion  of  the  ovary*  The  ovaries  of  all  anioals  which  had 


been  pregnant  for  longer  periods  and  those  of  tbe  anlaala 
ililQli  «ex«  killed  dtufing  prooeatram  containinc  large  naeses 
of  young  ova.  It  was  obvious  that  their  rate  of  different- 
iation had  been  increased  laany  times.  Bowver,  that  this 
increase  in  the  number  of  younc  ova  did  not  affect  the  noai* 
bw-  of  Graafian  follicles  developinc  is  ttkMBma   in  Tables  I 
tai   II»  *ta»  number  of  norraal  saall  follicles  is  fairly  con- 
stant for  tx>th  the  pregnant  and  non-pregnant  aniiaela  at  all 


The  noinal  follicles  ranged  in  aiae  from  the  large  one 
shoTOi  in  Figure  1  to  snail  ones  in  nhi^  the  ovaa  «a«  sur- 
rounded by  a  single  row  of  follicular  cells.  A  cosaparison 
of  Figures  1,  3  and  5  ahova   the  i»elative  sizes  of  the  nor- 
large  follicles  and  the  typical  slightly  atretic  and 

atretic  follicles.  These  i^aotographs  were  isad« 
vith  the  amam  aigiilf leatlcm*  Both  the  noroal  and  slightly 
atretic  follicles  are  rather  large.  Figure  5  indicates 
the  usual  small  size  of  the  c<»iQ)l0tely  atretic  follicle* 
or  corpora  luteal-like  cysts. 

Zanediately  following  the  heat  period  and  during  the 
first  12  days  of  pregnancy  there  is  a  relatively  small  num- 
ber of  mediuja-sized  and  large  follicles.  After  thlB   there 
t»g   in  most  caseSf  from  one   to  four  or  five  in  each  ovary. 
During  the  first  three  days  of  tlie  oestrus  cycle  and  the 


n. 


first  nine  days  of  pregnancy  the  relative  nunber  of  tim 
slightly  Btpetio  folllclasjp  those  ^lich  contain  iaatui»ln6 
«gg8.  Is  aaaallep  than  later*  The  nmaber  of  corpora  luteal* 
like  cysts  showed  no  significant  variation  in  any  of  the  «x*» 

Corpora  Lttt«i 

"Pabloa  I  and  II  show  t^ie  m-oober  of  corpora  lutwi  pre- 
sent in  each  ovary  and,  if  the  animal  was  pre(piant,  the  ntaa-» 
ber  of  &3!bTyo9   preseait  in  that  horn  of  the  uterus.  T^ell* 
fiognnsd  corpora  lut««  '■•re  found  in  the  ovaries  of  all  tb> 
ligiigiMnt  anic2al8  and  in  each  case  their  nus^ber  e^amkmA  vrith 
the  number  of  ea&ryos  in  tlie  correspor^iag  Jbom  of  the  uter- 
us. All  of  the  sections  of  each  ovary  were  exaaiinod  for 
corpora  lutes* 

DISCUSSICHI 

Oar  observations  have  shoxm  a  definite  correlation  be- 
tween the  condition  of  the  oviaa  and  the  condition  of  the  fol- 
licle. If  the  follicle  were  norraal,  the  ovaa  iftiich  it  con- 
tained was  ZK^nnal.  If  the  follicle  were  slightly  atretic 
as  shown  by  a  degeneration  and  s<^tter}.ng  of  th»  gwnmlfflss 
cells,  the  oviai  wma   in  8O0»  stage  of  23atu]:*ation,  fhsrs  ver* 
s  fev  exosptlons  to  this  condition*  Hi  these  instances. 


tbB  folllclos  ahoced  the  very  flirat  indications  of  atresia. 
A  nMll  TomBbia^p   perlv^s  sewn  or  eighty  follicular  cells 
ware   found  undergolnc  degeneration  end  floating  freely  in 
tbe  follicular  fluid  detacbed  from  the  still  nortaal  granulo- 
(M  cells.  Tbe  eggs  in  these  follicles  were  noraal,  and 
since  the  atretic  condition  evidently  precedes  the  Eiatiir- 
ation  of  the  egg  it  would  seem  to  indicate  that  the  atresia 
of  the  follicle  stizmilates  the  egg  to  begin  its  maturation 
divisions.  This  is  in  agreement  with  the  report  of  Pincus 
maSL  Enanwan  (1935)  in  which  the  nainEber  of  ova  undergoing 
maturation  was  increased  following  tbe  IndaoesMBit  of  fol- 
licular atresia  in  rabbit  does. 

If  the  follicle  were  coaapletely  atretic  and  corpora 
luteal«like  in  aK>earance,  the  ovum  either  was  degenerating 
or  bad  divided  into  several  portions.  The  ova  contained 
in  these  follicles  pi»obablj  had  not  undergone  the  oatur* 
aticm  divisioBS  as  no  polar  bodies  were  fooz^  attached  to 
thosu  As  mentioned  before,  tbe  ccM3ipletely  atretic  follicles 
«e2*e  quite  ssmU,  the  slightly  atretic  follicles  were  meditnn 
or  large,  and  the  normal  follicles  rangad  tram  imisll  to 
Icupge.  The  variaticn  idsioh  we  have  fcmnd  in  the  atresia  of 
these  follicles  is  sizailar  to  that  imported  ty  Asaai  (I92O) 
in  rabbit  does.  lie  says  that  in  the  rabbit  the  atresia  of 
«»ditoa  and  large  follicles  is  prtaarily  of  the  graimlosa 


iftsile  that  of  small  follicles  Is  priuarily  of  the  ovtm 
less  pronounced  In  the  granulosa*  We  ha-ve  found  this  to  be 
true  also  in  the  guinea  pig»  Eouever,  Asami  does  not  xaen- 
tion  any  relation  between  tljc  condition  of  the  follicle  and 
the  condition  of  the  egg  ••  -ee  have  reported* 

Concerning  the  naaabers  of  the  different  types  of  f ol- 
llelea  existing  at  different  times  during  the  oestrus  cycle 
and  pregnancy,  we  have  found  that  in  the  guinea  pig  the 
miaber  of  small  normal  follicles  is  practically  constant  at 
all  times*  This  number  varies  but  little  in  spite  of  the 
fact  that  there  are  pertods  of  Increased  production  of  ova 
by  the   germinal  epithelium.  Periods  of  more  active  prolif«» 
eiratlon  of  ova  by  the  germinal  eplthelltoa  he^re  also  been  re- 
ported by  Swezy  and  Evans  (I95O)  for  the  rat;  Allen  (I925) 
for  tbs  mouse;  axA   others*  TheiHjfoi^,  there  is  a  gireat 
mortality  of  young  ov»  before  any  seji&lance  of  a  follicle 
Is  formed;  but  regardless  of  tl^je  ttrae,  the  ovary  is  produce 
lag  approximately  the  same  number  of  young  follicles*  Our 
data  shcW  that   the  nuaiber  of  corpora  luteal-lltee  eysts  al- 
so r«nain3  fairly  constant*  This  la  not  in  accord  with  the 
report  of  Loeb  (I9I7)  in  t«toich  he  states  that,  although 
there  is  some  variation,  the  proportion  of  ovarian  follicles 
«hi<^  are  in  the  late  a^mgm  of  connective  tissue  atresia 
to  well-preserved  follicles  and  follicles  in  the  stage  of 
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fpmaalo3&   di^«neration  lAxiv    tvo  rma±wm,,   c«£»  about  six  to 
mmmx  dajrs  after  ovulation  and  KBOfeber  at  the  time  ppeoed* 
lag  the  next  o^mlation* 

Our  observations  show  tlaat  aeditna  or  laz^e  folllcis* 
are  present  at  all  tlJiioa,  botfevor,  there  is  a  relatively 
aTHolt  nuraber  in  the  ovary  during  the  period  insaediately  fol- 
loving  oestrus,  and  the  first  12  days  of  pregnancy*  Engl* 
(1927)  reported  that  in  tba  ncmae^   the  destruction  of  fol- 
licles Is  lowest  on  the  second  day  of  the  oestrus  cycle  and 
that  during  aaoply  pregnancy  the  destructicm  of  follicles 
as  well  as  other  ovarian  activities  is  lowered.  He  does 
not  diatingulsfli  bet«i«n  types  of  atresia.  Xie   have  fouM 
that  the  destruction  of  the  medium  and  large  follicles  is 
low  during  the  f iirst  three  days  of  the  oestrus  cycle  aisd 
t^ae  first  nine  days  of  pregmtncy*  However,  the  destruction 
of  ssiall  follicles  continues  at  a  regular  rate  during  th» 
entire  oestrus  cycle  ar^  up  to  the  35^^  ^^7  of  pvttg/moiigt* 
OspKialosa  degeneration  talces  plac«  in  these  follicles  fol- 
lawBd  by  the  laaturetion  of  tho  ©gg.  Since  the  follicular 
cells  ai»e  destroyed  by  this  atresia,  the  cavities  of  ths 
degenerating  follicles  are  filled  probably  by  an  ingrowth 
of  theca  cells* 

A  larg«3*  n-iraber  of  follicles  are  destroyed  #eirta(g 
early  stages  of  development.  The  follicular  cells  of  th©a# 
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deg«i«a?eting  follicles  beeosae  greatly  enlarged  until  a 
amttU  coi^pora  lut©al-like  cyat  is  forsaed.  The  contained 
esQ  d<^enerate8  rapidly*  Homnrer,  tbe  defeneration  is 
aCKOStiaes  preceded  by  seireral  nuclear  and  cytoplasmic  dlvis- 
iona»  As  reported  l»y  Barman  (1935),  we  have  found  in  this 
investigation  tljat  it  is  a  eooBKm  procedure  for  intra- 
ovarian  ova  to  undergo  both  zaaturatlon  divisions  and  in 
moam   cases  to  continue  developaent  by  the  foroaticm  of  tbe 
first  segmentation  spindle*  The  cytoplasmic  and  nuclear 
divisions  of  intra-KJvarian  ova  are  also  a  conjacai  occ\irrencNi» 
Our  olMwrwitions  have  not  disclosed  any  Indication  of 
a  far-going  parthenogenetic  devolopment  of  intra-ovarian 
ova  in  the  guin«i  pig  »uch  as  Loeb  (I952)  reported  in  the 
guin«»  pigs  in  his  laboratory.  In  fact,  if  we  consider  trot 
parthonoganesis  to  be  the  regvilar  developaent  of  a  siature 
undfertilized  ovum  into  a  nonml  individual,  or  at  least  in* 
to  the  funda&ienta  of  such  an  organism,  none  of  the  case* 
«l!i<di  «9  have  observed  can  be  considered  true  pia*th>nogon» 
esis*  Oar  results  are  arare  in  agreement  with  those  of 
a»lr  {1929)  for  the  dogj  Hewnan  (I913)  for  the  ansMuillloj 
ateith  (I925)  for  the  opossum;  and  Kingery  (I91I4.)  for  th« 
aouse*  Each  of  them  has  reported  that  the  process  is  an 
abnormal  division  of  the  ovum  which  never  continues  until 
the  fundaments  of  an  embryo  are  formed* 


Observations  have  been  xaaAe   on  the  ovary  of  the  gaineft 
pig  at  ywrtUwM  stages  of  tbo  oestrus  cycle  and  at  different 
times  during  progiwnoy  up  to  the  35'^  d«y»  A  quantitative 
study  of  Graafian  follicles,  aaiturlng  ova,  ova  undergoing 
eytoplaszaic  and  nuclear  divisions  and  corpora  lut«a  mm  loadbi* 

1»  In  spite  of  tli«  fact  there  are  periods  of  increased 
differentiation  of  young  ova  frcnn  the  geiminal  epitheliian, 
the  mmiber  of  normal  developing  young  follicles  remains  al« 
wmmt   constant  at  all  tii&eft* 

2.  The  degeneration  of  these  young  follicles  is  a  r«g» 
ular  process  eontinulae  «t  approximately  tbe  saena  r«t«  tap- 
ing all  the  stages  studied*  Their  degeneration  consists  of 
an  enlargcnent  of  the  surrounding  follicular  cells  until  a 
corpora  luteal-like  cyst  is  fonaed*  This  is  accoeqMmied  by 
a  pronotmeed  degeneration  of  the  egg  tihieh  sooMtiaes  results 
in  several  nuclear  and  cytoplaaoaio  divisi<ma* 

3*  The  nuinber  of  stedim  moA  lavig*  follicles  increases 
following  the  third  day  of  tha  oestrus  cycle  and  the  12tli 
day  of  pregnancy. 

i^     The  percentage  of  degenez>ating  medium  and  large  fol- 
licles to  normal  follicles  Is  highest  at  those  times  at 
ittd-ch  they  az>e  most  numercnis*  Their  destruction  incrMisee 
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on  the  ninth  day  of  pregnancy*  Tbair  atresia  consists  of  a 
degsneration  and  scattering  of  the  gx^unuloaa  cells  foUotsed 
by  a  laatiirine;  of  the  enclosed  ovtxnw 

5«  IntT«a«ovarian  ova  vhieh  have  passed  through  either 
one  or  both  zsatoration  divisions  are  casmcm   in  the  guinea  pig* 
Also^  it  is  not  -ozmsual  to  find  ova  *iftleh  have  proceeded  in 
development  to  ths  formaticai  of  the  first  segmentation  spin- 
dle* They  are  always  found  in  sM>ditan  or  large  follicles  in 
ittxieh  the  granulosa  cells  have  begim  to  degenerate* 

6«  IntitL-ovarian  ova  idiich  have  passed  throngh  several 
cytoplasmic  and  nuclear  divisions  are  found  frequaitly  in 
IStm  ovary  of  tl^  guinea  pig*  They  are  always  in  azoall  cor- 
pora luteal-lika  cysts*  No  far-^oing  parthenogwattic  de- 
velopment of  t^me  ova  was  observed* 

7»  In  every  case  the  number  of  corpora  lutea  in  the 
ovary  equaled  the  noafcer  of  embryos  In  the  corresponding 
horn  of  the  uterus* 
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Pig.  1.   Photomicrograph  of  a  noiroal  large 
follicle  showing  the  ovum  in  the  resting 
condition  and  the  compact  follicular  cells 
of  the  stratum  granulosiam  and  discus  pro- 
llgerus.  A  normal  small  follicle  is  shown 
in  the  lower  left  comer. 
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Fig,  2,  Photomicrograph  of  the  ovum  of  the 
normal  large  follicle  of  figure  1  (more  highly 
magnified)  showing  the  nucleolus  and  small 
particles  of  chromatin  in  the  nucleus  and  the 
finely  granular  condition  of  the  cytoplasm. 
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Pig,  5.  Photomicrograph  of  a  slightly  atretic 
follicle  showing  the  characteristic  medium  size, 
the  degenerating  follicular  cells,  the  extruded 
first  polar  body  and  the  second  polar  spindle. 
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Fig.  i\..     Photomicrograph  of  the  ovum  of  the 
slightly  atretic  follicle  of  figure  5  (more 
highly  magnified)  showing  the  first  polar 
body,  the  second  polar  spindle  and  the  degen- 
erating follicular  cells. 
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Pig,  5»  Pbotoml crograph  of  the  ovum  of  a 
slightly  atretic  follicle  showing  the  first 
segmentation  spindle,  the  two  extruded  polar 
bodies  and  the  degenerating  follicular  cells. 
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Fig,  6,  Photomicrograph  of  a  completely  atretic 
follicle  showing  the  characteristic  small  size  of 
the  follicle  and  the  divisions  of  the  ovum,   A 
normal  small  follicle  is  shown  above  and  to  the 
right. 
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Pig*  7,  Photomicrograph  of  a  completely  atretic 
follicle  showing  the  divisions  of  the  ovum  and 
the  enlarged  follicular  cells  filling  the  follic- 
ular cavity. 
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